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Section 1 – Types of Cell Communication 

 

1.1 – How do molecules in a cell communicate signals? 

 Within a cell molecules must communicate with one another about their needs in order to 
maintain homeostasis. As one molecule comes into contact with another, it transfers some form of 
energy to the receiving molecule. Sometimes molecules will bind to others and cause the recipient to 
change shape and thus inhibit or amplify its function. In other instances molecule attachment energizes 
the recipient and removal of that energy component will deactivate it. These methods of changing the 
energy or shape status of molecules can continue in a domino-effect and are how molecules 
communicate with one another in response to stimuli. 

1.2 – How is a cell communication pathway initiated? 

 Stimuli for cells can be in the form of a molecule’s chemical energy or a form of kinetic energy. 
Pain for example is kinetic energy from a force triggering a physical change in nerve cells.  A chemical 
that acts as a stimulus triggering a response pathway is called a ligand. For example insulin acts as a 
ligand by binding to muscle and nerve cells, triggering them to absorb glucose from the blood. Both the 
pain & insulin signaling pathways are initiated by their stimuli but then a complex pathway begins 
whereby other molecules will change until the final response is achieved.  

1.3 – How does a ligand’s chemistry determine the pathway? 

 Recall the cell membrane is selectively permeable, allowing small hydrophobic substances to 
move directly through but hydrophilic/polar or charged substances cannot enter without a channel. 
Small hydrophobic ligands passing directly through the membrane usually involve pathways with 
minimal steps since they can reach their target in the cell without any assistance moving into the cell. 
Ligands such as these target intracellular receptors that are inside the cell. Other ligands that are 
hydrophilic or very large cannot directly access molecules inside the cell. These ligands target 
membrane receptors that will relay the ligand’s “signal” in a long domino-effect reaction whereby 
molecules keep relaying signals to subsequent molecules. This pathway type is called a signal 
transduction pathway. 

1.4 – How does a stimulus communicate a response over long distances? 

 The first type of long-distance signaling is nerve signaling in animals. Receptors throughout the 
body pick up stimuli in sensory neurons of eye cells, skins cells and internal organ tissue. These cells 
send signals via the movement of ions to the brain where integration connects sensory neurons to 
regions of the brain by interneurons. The signal is sent to the target area by an efferent neuron where a 
response is generated.  

 The second long distance pathway requires the circulatory system which transports all types of 
substances like oxygen, hormones and glucose. Hormones produced by various glands of the endocrine 
system can be stimulated by either the brain or basic feedback loops within organs. For example your 
fight or flight response is triggered when the brain senses a threat; nerves signal the adrenal glands to 
produce adrenaline that travels through the blood, stimulating increased metabolism for energy needed 
by the muscles. Low levels of light stimulate the brain to signal release of the hormone melatonin which 
travels through the blood decreasing metabolism, inducing fatigue for sleep. Both nerve & hormone 
signaling require many cells to communicate with each other through a series of events in each cell.  
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Section 2 – Intracellular Signaling mechanisms 
 

2.1 – How does a ligand initiate a response directly? 

 Small hydrophobic ligands targeting intracellular receptors will first diffuse through the membrane 
and then directly bind to the receptor. Testosterone is a classic example in which it binds to a cytoplasm 
receptor forming an activated complex. The complex then diffuses into the nucleus and serves as a 
transcription factor that regulates the transcription of specific genes. These particular genes produce 
proteins that will inhibit the hormones LH & FSH that usually rise and fall regularly in females, regulating 
the female reproductive cycle. Without these hormones, female characteristics are inhibited in males 
while testosterone also stimulates primary male characteristics in other pathways. Most intracellular 
receptor ligands follow a similar trend of gene expression in the nucleus by activating transcription 
factors.  

2.2 – What molecules are involved in signal transduction pathways? 

Because signal transduction pathways involve many steps, there are many different molecules that 
serve as “relays” connecting the ligand’s signal with a final response. Small non-protein molecules that 
serve as these relays are called second messengers and these are vital to these pathways. Second 
messengers include small hydrophilic molecules like calcium ions (Ca2+) and cyclic AMP (cAMP).cAMP is 
generated from ATP by a special enzyme called adenylyl cyclase, making cAMP suited to stimulate other 
molecules in a pathway.  

Another important class of relays is the kinases. Kinases are enzyme proteins that phosphorylate 
and thus energize other molecules in a pathway. A kinase remains active long enough to phosphorylate 
numerous molecules before another enzyme called a phosphatase deactivates the kinase by removing 
its phosphate. Even though just 1 ligand may initiate a pathway, kinases amplify the signals since they 
remain active for a while and activate many other kinases that activate even more kinases; therefore 1 
ligand initiation can result in a response producing trillions of the same response. This process of kinases 
activating other kinases is called a phosphorylation cascade, seen on p.215. 

2.3 – How do signal transduction pathways occur? 

A ligand begins by binding to and activating a membrane receptor that usually is a transmembrane 
protein, meaning it spans from inside to outside the cell. When the ligand attaches, the active receptor 
triggers the activation of other molecules. G-protein receptors for example activate adenylyl cyclase to 
activate cAMP which continues the signaling via a phosphorylation cascade. Tyrosine Kinase receptors 
also become activated by ligands and involve phosphorylation cascades. 

Signal transduction pathways can lead to gene regulation pathways and also many metabolic 
pathways in the cytoplasm. The main benefits of these pathways are the amplification stated earlier but 
also the many points for regulation. In a pathway with just a few steps if one molecule becomes faulty 
(overactive or inactive), then the response is easily disrupted. By using many relay molecules that can 
each be regulated, it provides the cell extra ways to regulate the overall response. If one molecule 
becomes faulty, another molecule in the pathway can be altered so the errors do not lead to a harmful 
response. 
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Section 3 –Nerve Signaling Pathways 
 

3.1 – How does the structure of a neuron suit its function? 

 A nerve cell (neuron) has a cell body with branching dendrites that receive stimuli from the 
environment or other cells. Opposite the dendrites’ receiving ends is a long branch called an axon that 
transmits signals along its length until branching into synaptic terminals. Synaptic terminals contain 
vesicles filled with neurotransmitter molecules that are released when the axon’s signal reaches them. 
The first neuron’s synaptic terminals lie close to receiving cells but a gap called the synapse is where 
neurotransmitters diffuse across to the next receiving cell. The long axon allows for a signal to be 
transmitted very long distances and branched dendrites allow for collecting stimuli at many points along 
the cell body. Surrounding most neurons is also a layer of insulating protein called myelin sheaths that 
improve the conduction speed of neuron signaling. Draw the basic neuron features in figure 48.4 on 
p.1047. 

3.2 – Why is a neuron suited to transmit electrical impulses? 

 A neuron can be found in a resting state or an action potential state. At rest, the sodium 
potassium pump pumps out 3 Na+ and pumps in 2 K+, making the inside overall less positively charged 
than the outside of the neuron. In addition, ion channels selective for K+ remain open, allowing the K+ 
pumped in to rush back out down its concentration gradient. Overall the charge inside of a neuron at 
rest is -70mV. There are other ion channels as well that only open and close when a charge difference is 
applied, called voltage-gated channels. The neuron is a cell loaded with sodium potassium pumps & ion 
channels which suit its ability to reverse the charge along the axon very quickly. This charge reversal 
using the flow of ions in or out of the cell is the basis of an electrical impulse, called an action potential. 

3.3 – How is an action potential generated & conducted? 

 When a stimulus is applied, some gated Na+ channels open allowing some Na+ to enter the cell 
down its concentration gradient. This causes the inside to start reversing its charge to positive, called 
depolarization. After a certain voltage called the threshold, the action potential increases as many more 
Na+ channels open and further depolarize the neuron causing it to become positive. As the ions begin to 
diffuse back out of the cell through open channels, the voltage gated channels begin to close and the 
sodium potassium pump restores the resting state. The open K+ channels actually cause 
hyperpolarization when the neuron becomes momentarily more negative than usual. 

 Depolarizations in a region have enough charge to cause depolarizations in nearby regions of 
the axon. Hyperpolarization assures that the region just having gone through an action potential cannot 
have an action potential travel “backwards” because it is too negative to become depolarized again for a 
small period of time called the refractory period. In this way, action potentials can only be conducted 
along the axon ahead of the action potential, moving towards the synaptic terminals. 

 3.4 – How do neurotransmitters function? 

 When an action potential reaches the synaptic terminals, it causes calcium channels to open. 
Calcium binds to the vesicles containing neurotransmitters causing them to fuse with the membrane 
and be released into the synapse. Neurotransmitters diffuse across the synapse where they bind with a 
receptor on the next cell. If the next cell is another neuron nerve signaling will continue until a target 
tissue is reached. When the target tissue is reached, the response can be anything from a motor 
response, a metabolic response or a gene expression response.  

Some useful diagrams are shown on pp.1052 -1055 for reference as needed. 
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Section 4 – Regulation of Gene Expression 

4.1 – How do prokaryotes regulate their gene expression? 

 Prokaryotes have a single chromosome with many genes but these genes are usually located in 
clusters called operons. A segment of DNA where transcription will begin is called an operator. If the 
operator is blocked by a repressor, gene expression will not occur. Operons that are usually off are 
called inducible because the repressor can be removed by a molecule called an inducer, allowing gene 
expression to occur. Other operons are usually on because no repressor blocks the operator, so gene 
expression occurs consistently. These operons are called repressible since a repressor can be activated 
by a corepressor, allowing the then active repressor to block the operator. Inducible operons are 
beneficial when a protein/enzyme needs to be made only occasionally. Repressible operons are 
beneficial when a protein/enzyme is made consistently but if not needed, the pathway can be shut 
down to conserve cell energy. 

4.2 – Why do eukaryotes have more regulation of gene expression? 

The trend we see among organisms is that the more complex the organism, the more complex their 
gene regulation. Recall that eukaryotes have multiple chromosomes each carrying many genes. It is not 
usually the amount of chromosomes that defines organism complexity, but rather how the expression of 
those chromosomes’ genes is regulated. Complex organisms have a vast number of specialized cells but 
most contain the exact same DNA. In order to maintain order and make sure every cell is doing its job 
correctly and communicating with other cells correctly, eukaryote cells need many levels at which their 
gene expression can be regulated. 

4.3 – How is DNA regulated before it is transcribed? 

In the nucleus DNA is found wrapped around histone proteins that keep it from the grasp of 
transcription enzymes. DNA methylation assures DNA remains wrapped around the histones keeping it 
inactive but histone acetylation loosens DNA from the histones, allowing it to become available for 
transcription. Even when DNA becomes available for transcription it must be recognizable by RNA 
polymerase. Every cell has unique proteins called transcription factors that act as activators by binding 
to sequences of DNA called enhancers that bind RNA polymerase.  

4.4 – How are mRNA & proteins regulated? 

Recall that alternative splicing is when various sequences of mRNA (exons) are excised and spliced 
together by spliceosomes. This is also regulated by transcription factors since mRNA splicing will occur 
differently based on each cell’s unique set of transcription factors. mRNA is also modified with a 5’-cap 
and a poly-A tail which make the mRNA stable as it moves towards a ribosome for translation. If the 
mRNA’s protective ends are destroyed before reaching a ribosome, the gene will not be expressed into a 
protein product. Another group of molecules called noncoding RNAs (ncRNA) act to degrade mRNAs. As 
mRNAs are degraded and proteins not expressed, it can help determine the lifespan or activity of a cell. 
In terms of regulation, this is beneficial so that old cells that may be prone to DNA defects are destroyed 
before they cause damage. Micro RNA (miRNA) is an important example of a ncRNA that has roles in 
degrading mRNAs during development & in adulthood. ncRNA is thought to be coded for by about 85% 
of our entire genome, with 15% coding for actual proteins. This discovery shows just how significant 
ncRNA is to eukaryote’s normal development & growth. 

After mRNA is translated into proteins, these proteins also have limited lifespans helping to regulate 
cell health like in the example with ncRNA. However, special enzymes called proteasomes degrade 
proteins in cells. 



6 
 

Section 5 –Mutations Causing Faulty Pathways 
 

5.1 – What types of mutations result from faulty DNA Proteins? 

 If DNA replication proteins are not regulated properly, mutations in DNA can result and 
subsequently be passed on to newly divided cells. When these errors are passed to gametes, they 
become heritable mutations. Insertions or deletions of base pairs can interrupt the codon reading frame 
of a gene, called a frameshift mutation. Substitutions can mistakenly add one base in place of another. 
For example UUU codes for phenylalanine but if in a missense mutation it changes to UUA, this codes 
for Leucine, a different amino acid. Other instances cause a normal codon being substituted for a stop 
codon which can prematurely terminate the protein, called a nonsense mutation. Finally some 
mutations cause a base to change but it still codes for the same amino acid, called a silent mutation 
which has no effect on the protein. These DNA mutations have varied effects on a phenotype, all subject 
to providing variation for natural selection to act upon. 

5.2 – How does a faulty gene lead to Down-regulated disorders? 

 Any condition in which a substance causes a decrease or shut-down in a process is called down-
regulation. While many processes rely on being able to downregulate a process, a mutation in the 
down-regulator molecules can be harmful. For example the cell cycle regulator molecule cyclin needs to 
fluctuate correctly to assure cells divide at specific times only. Cancer can result when a faulty gene is 
expressed that doesn’t allow the shut-down of the cyclin gene expression pathway. The cyclin gene 
constantly gets expressed because the down-regulator doesn’t function. This is also linked to why 
apoptosis (programmed cell death) doesn’t happen in cancer cell. Metabolic disorders can simply be a 
faulty gene doesn’t code for a protein like insulin. Diabetic people cannot regulate blood sugar because 
their insulin gene or insulin receptor gene has mutated to no longer code for the correct product. 

5.3 – How does a faulty gene lead to up-regulated disorders? 

 When a process can be amplified or turned on it is considered up-regulated. Growth factors 
regulating cell division during embryo development are coded by the Hedgehog genes. Usually these 
genes up-regulate cell divisions by coding for DNA transcription factors necessary for the cell’s growth & 
division. As adults, these hedgehog genes are silenced by other regulator proteins. In many cases of 
cancer, the Hedgehog genes have mutated and become unresponsive to repression, thus causing 
uncontrolled cell division (cancer). One reason for this is that the mutation caused amino acids essential 
for the regulator binding to no longer exist. 
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Section 6 – Sources of Mutations 
 

6.1 – How do prokaryote genes mutate? 

 Prokaryotes don’t undergo sexual reproduction so their main source of mutations is by natural 
errors in DNA replication. Because they reproduce so quickly, mutations arise seemingly fast compared 
to slowly reproducing organisms like animals. Prokaryotes also exchange DNA with each other during 
conjugation via through projections from their cytoplasm called pili. Pili form temporary exchange 
bridges where plasmids can be transferred between different cells, also contributing to their rapid 
mutation. Transformations also occur naturally where fragments of DNA are taken up from the 
environment. All of these processes lead to changes in prokaryote genomes over time, leading to 
evolution. 

6.2 – How do eukaryote genes mutate? 

 Sexual reproduction includes crossing over during meiosis. Sometimes beneficial combinations 
result in beneficial phenotypes but other times faulty combinations arise leading to miscarriages or 
genetic defects & disorders. Transposons are parts of DNA that, for some undiscovered reason, excise 
and relocate to other regions of DNA. Many chemicals cause mutations which have been linked to 
cancers and are called carcinogens. Other mutation-inducing chemicals causing other changes besides 
cancers are called mutagens. Both agents have the ability to mutate DNA by breaking it, deforming it or 
disrupting replication. They can also act as binding agents that block certain enzymes important to life 
function. Carcinogens & mutagens can occur naturally in cells or the environment but also come from 
man-made substances like ethidium bromide & BPA.  Prokaryote cells are also affected by mutagens & 
carcinogens, increasing their evolution even more so.   

6.3 – How do viruses contribute to mutations? 

 Viruses are pseudo-organisms made of an outer covering called a capsid covering an internal 
core of DNA or RNA. When viruses infect living cells, they sometimes embed their nucleic acid into the 
host’s DNA, called the lysogenic cycle. For DNA viruses this happens in a few quick steps but RNA 
viruses, called retroviruses, must perform an additional step. They use the host’s molecules to express 
an enzyme called reverse transcriptase which turns their viral RNA into viral DNA which can then embed 
into the host’s DNA. Each cell division we undergo with a virus inside will produce all cells also with the 
viral DNA. Many viruses quickly detach their nucleic acids for incorporation into new capsids, and then 
they break open the cells & target more for the same fate.  

 
Many retroviruses are menacing because they do not detach their DNA from ours ever; it is with 

us forever and is why some viruses like HPV & herpes are currently impossible to remove. As viruses 
embed their DNA into ours, it may interrupt a normal gene sequence leading to disorders. HPV and 
herpes are thought to cause warts & some cancers because the normal gene sequences of infected cells 
become altered when viral DNA inserts itself, leading to upregulation of cell cycle regulators. 

 
When parts of a host DNA detaches when the viral nucleic acid detaches, it can be introduced 

into a new host. This transfer of DNA from one host into the genome of a different host is called 
transduction. Each time you are infected by a virus you have the potential to gain some DNA from other 
bacteria, people, or any other living thing and in turn some of your DNA could be transferred to other 
organisms. 
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PRACTICE EXAM 
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Refer to the information below to answer questions 17 & 18 on the following page. 
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Use the information below to answer questions 21-23 on the following page. 
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Calculation Question 

The figures below show 2 cancerous tissues samples under different treatments. Figure C shows 

tissues treated with miRNA mimics and a control group, NC (no mimics). Figure D shows 

tissues treated with miRNA inhibitors and a control group, NC (No inhibitors). The * signifies 

that the data were statistically significant. 

Source: MicroRNA-497 regulates cell proliferation in hepatocellular carcinoma, Oncology 

Letters, 2016. 

 

 

For the 18 days after injection timeframe, calculate how many times more effective the 

experimental treatment was compared to its control group, for the tissue sample that had the most 

success at decreasing tumor volume. Show all your work and express your answer as a whole 

number. 
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Free Response Question Practice 

 

 

 

 

 

 

 

 

 

1. 

(b) 

(a) 

2. 
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3. For each of the following processes describe the steps of initiation, transfer and reception of the 
information. 

        (a ) A signal transduction pathway                      (b)   Nerve cell signaling pathway 

 

 

4. Contrast the mechanisms of gene regulation among eukaryotes & prokaryotes. 

 

 

5. Describe 3 mechanisms by which organism genomes can change within their lifetime.                       

 


